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Chapter 1

Introduction



1.1- The Problem

The degradation of the earth due to waste anayjiisl depletion of its natural
resources have gained enough momentum to gathattémgion of almost every
nation on the planet. There is a natural tendem¢gytand place blame on the causes
of climate change or challenge that we are in tioegss of a global energy crisis.
Regardless of who is responsible for our curregngsion, the petroleum needed to
build and power our man made environment is a mesowith a fixed quantity and is
estimated to be exhausted at the current ratersuroption by 2040 (UK Energy
Research Council, 2009). Oil generates 40 perdehtovorld's commercial energy
(UK Energy Research Council, 2009), this meanswleaheed to re-evaluate the way
buildings are oil dependent and how they will constenergy in the future. Nature
has the capacity to produce energy from severacsphat are completely clean,
renewable and infinite. The way forward is to warkh nature to maximise a
buildings use of natural elements and the energy@&an provide.

A static building by nature can only perform enwimeentally at a maximum
efficiency a minimal amount of time because theynca adapt to changing weather
conditions. The more erratic the weather condititims higher these variances in
energy efficiency will be. In order to maximise emeefficiency a building must be
able to adapt to suit current weather conditiomsuging environmental adaptation
and the ability to transform nature into energyl adilow it to reach its maximum
efficiency. Nature is the main factor in all formsadaptation or evolution, it has the
ability to mediate differences and always adapf# teithin its surroundings rather
than try and overpower or block out unwanted caooiait

Wind is one of the most powerful elements of naturd is predominately
present in Wellington. Wind has helped shape thaqi|l powered ships to cross
oceans and explore the earth, it has allowed ptargpread their seeds and pollinate
and powered a large portion of early industry arshafiacturing. Wellington has been
referred to as the windiest city in the World, aligh this is a refutable fact
Wellington does possess this natural resourceunddnce. Some view the wind in
Wellington as a negative but it has the abilitptoduce a large amount of energy if
treated and harnessed properly. Locally wind geedralectricity is growing and
currently accounts for approximately 4% of New &eal's consumed energy (New
Zealand Wind Energy Association, 2010). Denmartuisently the world leader in
wind powered energy production, with wind produc@§o of the countries
electricity (World Wind Energy Association, 2010).

Presently wind produces only 2% of the global epeansumed but studies
have estimated in the future that wind could paadigtproduce 70% of the world’s
energy (World Wind Energy Association, 2010). Wthle current known oil reserves
being approximately 1200 billion barrels and theld/@onsuming 82 million barrels
a day, reliance of oil must decrease and shift tdsvéully renewable sources. The
fluctuation of oil prices also threatens counteegrgy security, in the last 30 years it
has gone from $20 a barrel up to $140 and than tawk to $40 again in 2008 (OIl
Depletion Analysis Centre, 2009). Wind power is ptetely sustainable, fairly
predictable and one incur fixed price to have thibihes designed and constructed.



Currently the biggest challenges to wind generptager are; the negative
aesthetical result of using rural sites for windrfa, the noise wind turbines can
produce, and the distance the wind farms are Iagtélom the cities which require
the electricity. The wind farms are a step in tigatrdirection, the overall idea simply
needs some adjustment. Integrating wind turbintsaar cities built environment has
the ability to solve most of the issues wind geteztgoower currently faces.

1.2- Research Aim

The aim of my research is to show that a wind pedeenvironmentally
responsive, energy producing building can be irtgtin Wellington’s city centre
and produce enough electricity to be economically environmentally feasible. The
building should serve as a positive icon for wimergy and allow a high degree of
public interaction to promote and educate the jguddtiout the benefits of wind
produced energy. With enough energy producing mgklthe energy grid can be
created directly inside the very cities which regquhe energy, leaving the
picturesque untouched landscapes wind farm frdasuilling which has the ability to
create its own energy also bears the responsibilitgaximise its energy efficiency
and environmental performance. The building mustrineronmentally responsive
allowing it to respond and adapt to changing weatbaditions to maximise
performance. The main design goal will be environtakeperformance, which is the
guantity of energy exchanged from external souregsired to keep a building at a
desirable temperature and allow all of the builtiregrvices to operate fully. These
include heating and cooling, electrical, plumbimgl &ighting.

1.3- Proposed Solution

The need for wide spread energy management ardvedrte energy
production has become increasing apparent in theitg industry and the world in
general in the last several years. Global reliamgkunrestricted consumption of
petroleum based energy products has seen thegfritkeand gas rise at exponential
rates and driven the oil rich middle east to becamew world power. “The idea that
renewable energy is poised for significant growtbusdd not surprise anyone. The
potential is so large partly because renewableggriersuch a small piece of the
energy landscape today. Despite its small sizeghiewy renewables are what is now
on the margin, and one of the basic tenets of en@®ois that what is on the margin
is what really matters.” (Taub, 2003)

With changes to large scale energy management atahtghe decision to
produce large scale buildings which employ alteweagnergy production tailored to
local weather conditions, cities can improve tlegiergy efficiency dramatically.
Unfortunately integrating energy producing techgglocan come at a reasonably high
initial price, resulting in a calculated pay ba@&kipd which clients must consider and
deem acceptable. A large portion of companies eeldeers are unwilling to invest
in lengthy pay back periods and are building witicgrather than environmental
performance as the project driver. This severajries any advancement as shifts



from the current standard construction technigh&ays require research and
development which impose significant sums of momaylding projects that have a
substantial budget which can facilitate the thofotgsearch, development and testing
required for implementing new technology is usuadiyerved to large companies or
government funded projects. Countries which made@mmentally focused
researched a necessity are responsible for pragges®e building industry to where it
is today and have reaped the benefits. If all aoesmput the same effort and resources
into building research the world would be a muaaoker more energy efficient place.

There are two ways a building consumes energy; dietie@nergy, which is
the energy used to produce, disassemble and desentip® building itself and the
day to day energy the building continually usealtow the occupants to use the
building in a comfortable and productive mannererehare several different ways to
reduce the embodied energy of a building but drge scale building has a long life
cycle this portion of overall energy used beconmeslier and smaller. My research
will focus on how new technology and incorporatergergy producing elements can
reduce the second type of energy consumption.

To determine what environmentally focused consimads possible in New

Zealand we need to look at the current local anidmnal projects which have been
driven by environmental performance.

1.4- Scope of Local Conditions

Currently in Wellington there are quite a few krgcale projects in
construction or are scheduled to begin within tbgt mouple of years. Recently there
have been a few projects which have strived to pmsironmental performance
capabilities, most notably the Meridian Buildingdahe Department of Conservation
building.

The Meridian Building’s main driver was producirigetmost energy efficient
building from beginning of the project through ctsnstion completion and every day
use by the company. They implemented an advana@dingumanagement system to
monitor the weather and adjust the buildings ses/io adapt and work with the
current weather in terms of heating, cooling, vation and lighting. They also
insisted on several construction actions to mingntine projects carbon footprint,
demanding the construction company recycle as rotitthe waste as possible and
use recycled materials wherever available. Theadvgoal was to use 60% less
energy and 70% less water than a typical officéding, which they believe they
have achieved (McDougall, 2009).

The Department of Conservation felt they had afgabbn to nature to try
and achieve the most environmentally friendly buatdthey could with the existing
building they had to work with. They retrofitted existing downtown building and
paid close attention to the environmental impactwary choice that went into the
design of the building. Overall the building saagproximately $105,000 a year with
active chill beam technology, a double layeredggfagade and heat pump water
heating system. The building was designed withllpsaurced and renewable



materials wherever possible which add some cosguiwcarbon emissions
significantly (Department of Conservation, 2007).

Green focused building is still relatively new i@ Zealand compared to
areas of Europe but there is a great opportunityMellington to push the boundaries
and expectations of what energy efficient buildinga achieve. The harsh local
weather conditions provide the ideal testing grofanduilding performance and
endurance. The New Zealand government advertisesoilmtry as clean and green or
100% pure, this slogan should be enforced andexspirby the construction industry.
There has been a recent movement to achieve tbateaong Wellington’'s water
edge with buildings that represent the city in aifpee manner to the thousands of
tourists and locals who travel through on footallater chapter | will discuss local
conditions in more detail.

1.5- Reference Criteria

| will be conducting my research on buildings freeveral different places
which will all have their own specific environmehtanditions and combination of
building systems. The technology | will be incorgiimg into my project will be
available products which will have been previouskted and have proven
performance data; this will produce lower costs wadistic energy yields. | will have
to quantify the specified building element’s perfi@nce data and relate it, as best as
possible, to local New Zealand weather conditionsrder to justify their relevance.
This will entitle examination of local weather tdmnwhere the building is located and
adjusting their data in proportion to match Weltmgs conditions. The buildings
examined must fulfil a few requirements in ordentake them relevant to my
research: The buildings must incorporate energglymtion in order to increase their
environmental performance. These elements shoudd &ecale which even from a
distance can be recognised as part of the architdaxpression of the building,
allowing the building to act as an icon of wind ¢uced energy. The energy
generation must be able to adapt to maximise pegoce and the buildings must
strive to be maximise energy efficiency at evemeleThese conditions will be
further explained in Chapter 3.

1.6- Summary

| will research and show how incorporating engegyducing architecture into
future high profile buildings in Wellington can ledit everyone involved; from the
daily building user, the building owner and the/cithe new buildings will serve as
an iconic symbol of dedication to the environmamd allow the city to capitalise on
the powerful weather conditions which have helpedsdfine its identity. Defining
viability will require showing that incorporatinghergy production can be achieved in
projects built to a similar scale in size and budgether large scale projects in
Wellington. The pay back period for incorporatiggeen’ elements usually defines
the economic feasibility of a project and mustddestinto consideration.



There is also the possibility that the building Idoproduce an excess of
power and add to the power grid resulting in a s@wf income for the building
owner. All of these possibilities add to the prabghbthat energy producing buildings
could become the standard of building for the feituvhere cities would actually
produce and house their own power grid. In the obapter | will discuss the origins
of energy production in architecture and give stiaekground as to why people have
used it for decades.



Chapter 2

Background



2.1- Origins of Wind Turbines

The ability to produce energy through the use iofvstarted in Holland in the
12" century as a post mill, later called a windmilkireas where there wasn't a
suitable water source to power a watermill. Theafsgindmills rescued Holland
from the waters that surrounded the country, whahseveral feet below sea level.
The windmills powered saws to build infrastructarel allowed houses to be built on
previously inhabitable land where dikes where kanid the land drained. Windmills
created a large burst of growth and an iconic symabbutch innovation and
landscape. With this innovation came a profoundadigazconomic shift, the ability
to process timber and grain, which was at the tirag reserved to the extremely
wealthy who were able to control the local econoihe windmill spread through
Europe quickly and eventually made its way intotN@merica, creating economic
growth every where they were installed. The perforoe of the windmill was
increased through allowing larger degrees of fregdalowing the entire windmill to
rotate to face directly into the wind and allowihg blade surface area to adapt
(Stokhuyzen, 1963). The greatest improvement caitieimiroduction of gears which
allow for a constant energy output. This methotarhessing wind power is still used
in basically the same fashion, with improvementshape of the wind blade and
control of friction. The addition of electrical geration came after the war in the 40’s
when the Dutch started fitting all of their war daged windmills with electrical
devices to keep them turning as a sign of progpantl national pride, during the
times of surplus wind they noticed that the windsnglould use these devices to also
create electricity(Stokhuyzen, 1963).

2.2- Introduction to Wind Energy

The amount of wind energy being produced is groviaster than ever and is
finally receiving global recognition for the pot&itimpact wind power can make.
The scale of wind turbines has also diversifiedgnag from large scale wind farms
which contain hundreds of turbines with 30m bladesmall single turbine projects
for residential use. The International Energy Agemedicts that wind generated
energy will account for roughly five percent of g energy by 2050, but has the
potential to reach up to 20 percent (Internatidradrgy Agency, 2006). Denmark has
already achieved this goal and Spain and Portugata@t far behind. Governmental
policy is behind the growth of wind energy alloogtfunding and support for
research and installations which focus on redu€i®g emissions. “North America
has recently started devoting significant resoutcegind energy, which was the
largest contributor to the 36 percent overall gilomt2008” (International Energy
Agency, 2006). In 2007 New Zealand produced 937@#hind produced energy
which is approximately enough energy for 100,000ges annually (NZ Wind
Energy Association, 2010).

The isolation of New Zealand is ideal for decedieal energy systems, where
energy is generated local to its users; the lapgedtiem to date had been making
these grids dependable and predictable. Turbidetdogy has now maximised the
time that a turbine is productive to almost 97 patdy tailoring the position, gears



and blades to each specific area and installafiba.issue with adding more
technology and moving parts are that they all rbestnaintained and can break,
lowering the lifespan of the turbine. The next ewon is a combination grid with
several sustainable facets all combining to craatependable and renewable energy

supply.

Advances in wind prediction are making up for fireééncies due to wind
consistency and new battery and storage soluti@saximizing the life time of
energy created during excess wind power. As alteanergy solutions evolve and
adapt to create the most effective mix of systeaset on local weather patterns, the
grid system must also adapt to suit. The probleistein that the grid is currently
provided by the large energy providers which h#ertown methods of generation
which have been put in place at great expenseciitient system has been created
with electricity only going in one direction, owt the customers. The government is
the one party which has the ability and the reasarhange the way the grid works.
There is a large initial cost to adapt the griaglttow for independent electricity input,
but the end result is a reliable, efficient andkanergy grid. The focus must be on
the advancement of technology to allow and enativate sustainable energy
production.

2.3- Implementation Issues

The largest opposition to wind turbines is theateg visual and
environmental impact that wind farms have on natameas where they are usually
placed. There is a strong case in this argumerthéowind turbine installations doing
more damage to the natural environments they girggtto protect. There have been
efforts to move the wind farms out off shore ofasaway from human view as
possible. The negative consequence to this soligitre loss of energy directly
related to the distance the generated energy mav&t tand the extra costs for the
additional structure needed. The logical step isrilmg the power generation to the
power consumption. By taking the wind turbines afuthe usual location and placing
them into the urban fabric you can eliminate the major issues facing the
installation of wind turbines.

Building-integrated wind turbines have startedvging up in a few large scale
buildings and have been predicting some impressivelal energy yields. The
building and turbine are designed with the localdwtonditions as the prevailing
design driver with maximising environmental perfamae the main goal. Full
integration brings with it some new design isswggmrding constant vibration,
movement and noise that are quite foreign to thigling industry and must be dealt
with very carefully.

There are the obvious structural and mechanisakssthat arise from
integrating large scale turbines into a building, there are also significant
contextual and political issues that have the 8ggepact on how easily a project
will be allowed to come to fruition.



The most prominent issue with urban turbines tslipisafety. These large
moving objects have the potential to be quite hatafd safety is always paramount
in a building project. Safety during constructiordangoing operation must be
insured and back-ups implemented to insure if aflyre was to occur the blades or
nacelle could not pose any threat to the publmriaround the building. Proper
planning years of development and regular inspecatém lower any safety issues to a
minimal amount.

The visual effects of a large turbine are alwdksngly opposed in rural
environments where technology and infrastructurewesually pollute the natural
landscape. Urban turbines however, can be placed attached to roof tops of large
multi story buildings which are rarely seen by public. Large urban turbines can
serve as a distinctive landmark and be used asoanof a company’s environmental
integrity.

Noise is an issue that every turbine developmarttmmonsider and satisfy
general noise regulations which can be set by loicahtion government. Generally
urban regulations permit higher noise levels thaaldimits but may not be intended
for large turbines. Noise is emitted from a turba@eodynamically, from the wind
passing and pushing on the blades or mechanicalty the rotation and friction
inside the nacelle. Mechanical noise emission keas lcut dramatically through the
development of gearboxes and lubricants. The mgjofinoise from large scale
turbines is generated aerodynamically, which wampr factor in the development
of the turbine from the common three blade horiabaxis turbine to the newer
models which use a vertical axis. The variancdaripines will be discussed in a later
chapter.

2.4- Current National Energy Conditions

Currently New Zealand uses wind generated enengg% of its total energy
consumption which is approximately 500 megawatigaer and are in operation
90% of the total allowable time. “Hydro generapedver is responsible for 57% of
New Zealand energy, gas produces 13% and coadll iesponsible for 10%.”
(Energy Information and, 2010) The energy produrctatio has been created from
the abundance of natural energy resources and NelaiZd geographical position
and global isolation. The government energy pdiids been marked by a
commitment to light-handed regulation, to ongoimgernment monitoring and
review and to liberalisation. Its success with ggenarket liberalisation is
remarkable. In fact, New Zealand was a pioneelaatecity market liberalisation,
whereas many countries are just starting down #tle @f liberalisation.”
(International Energy Association, 2006) Governrakanhergy policy must be
constantly changing to match the energy producatiarket which currently is
constantly evolving and becoming more efficiente inoblem is that to install any
type of energy production infrastructure is incbégiexpensive and the technology is
improving at such rapid rates that is can becontéated during construction. The
solution is to allow and encourage private seat@rgy production. The government
created two regulatory bodies to insure that theeld be continual review of its
energy markets to ensure efficient and competdivieomes, the Electricity



Commission (EC) and the Gas Industry Company (QD@)mpared to most countries
New Zealand has high quality and effective enemgicp. Renewable energy
provides a large percentage of national energy eoeapto most developed countries,
image 02,01.

Image 2.1

Renewable Energy as a Percentage of Total Primary Energy Supply in IEA Countries, 2004
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The use of wind energy for the production on eieity in New Zealand is
relatively new but it is the fastest growing renbleaenergy resource. There is the
issue of intermittency of production due to fluding conditions but new technology
is reducing this problem quickly with proper gegrand sensing technology. Wind
resource is less intermittent in Wellington thanstmmuntries but at times can be too
powerful and has the ability to damage the gride ©hthe overall recommendations
the IEA paper concluded was that the governmenNeo? Zealand should "Continue
to investigate the system effects of greater wiomigr penetration, such as on grid
reliability and stability, and implement appropeahort term and long-term
mitigation measures as quickly as possible." (magonal Energy Agency, 2006)
There are currently 12 wind farms operating in Neealand with another 20 which
have either been granted resource consent or &ne planning process. These will
be able to contribute up to an additional 3,000 dM&gtts which would increase New
Zealand’s overall wind energy production 600% aodld provide 25% of New
Zealand’s overall energy. (NZ Wind Energy Assooiati2010) In 2008 the New
Zealand Wind Integration Study was conducted whbmhcluded that while wind
energy should continue to grow at a fast rate, @202, that it must develop an
infrastructure which develops the wind system toknsmultaneously with its hydro
system (Strbac, 2008). This combination of systehmild be able to produce an
energy system which can balance out each otherpéowds and operate at a near
constant level and produce highly predictable aistpu



Image 2.2
Summary of Key Results

2010 2020 2030
Installed wind power capacity (MW) 634 2,066 3,412
Wind power (GWh) 2,285 6,724 10,797
Capacity credit of wind (%) 32 29 15
Max. Instantaneous Reserve (MW) 565 691 912
Max. Frequency Keeping (MW) 309 540 866
Max. Standing Reserve (MW) 46 377 566
Capacity cost ($/MWh of wind) 1.7-25 1.3-2.0 6.2-9.3
Reserve cost (S/MWh of wind) 0.19 0.76 2.42

Total cost attributed to wind
($/MWh of wind) 1.89-2.69 2.06-2.76 8.62-11.72

(NZ Wind Energy Association, 2010)

2.5- Environmental Impact

The New Zealand government released its firsiheefienergy efficiency
guidelines in 2001 with the National Energy Effitagy and Conservation Strategy or
NEECS. This was to promote nation wide energy mattor energy efficiency,
renewable energy resources and to “move New Zeatamards a sustainable energy
future.” (International Energy Agency, 2006) Tregd be reviewed every 5 years and
targeted five main areas: government, energy suppystry, buildings and transport.
The Electricity Commission is responsible for impny energy efficiency in New
Zealand and funding energy efficient directed prtgdrom funds which are collected
from a levy on sold electricity. The Ministry of &@womic Development estimates that
by 2025 wind farms could generate up to 2500 GWlefyough for 312,000 New
Zealand households.

Wind power while relatively unpredictable has dwerlying benefit, once
constructed, of being able to produce electriciihout emitting any carbon dioxide,
“The lifecycle emissions (including manufacturinigcomponents, construction,
operation and decommissioning) from wind farmsadoeut 1% of emissions from
thermal generation.” (NZ Wind Energy Associatiof1Q)

Wind farms can have quite a negative effect, damgagatural habitats and
vegetation. Extensive site analysis is carriedtodity and minimise environmental
damage although some damage is inevitable, appadeiynl-3% of a wind farm site
is destroyed to construct the turbines and acoesisr The debate lies in if this is an
acceptable margin.



2.6- Advances in Current Building Design

There is an alternative placement strategy whichetianinate the need for
natural, exposed landscapes. Building integratedl wirbines or BIWT have opened
up an entirely new direction for wind turbine teology. Installing turbines directly
in or on top of buildings designed with wind specderodynamics has created a new
type of environmental focused development. Theeeadiew examples of new
medium to large scale commercial buildings whichehategrated turbines and
several more are currently under construction. Woeld Trade Centre in Bahrain
was completed in 2008 and designed by Atkins.(infadeIt was the first large scale
building integrated project completed and houkeset29m horizontal axis turbine
surrounded by two wind accelerating towers. Thertag design resulted from
thorough wind tunnel testing and computationaldldynamic which allowed all
three turbines, regardless of elevation, to prockaeeal amounts of electricity. The
turbines resulted in less than 3.5% of the projatie but will produce up to
2000MWh per year, enough for 10,000af office space (Bahrain World Trade
Center, 2009). Aerodynamically driven building dgshas also been used
extensively for natural ventilation purposes, inlthg Norman Foster’s famed
“Gherkin” (image 2.5) at 30 St. Mary Ave, London ¢&xgating high and low pressure
systems over curved building facades.

Image 2.4
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Image 2.5

(30 St Mary Axe, 2008)



Chapter 3

Contributing Parameters



3.1 — Overview of project issues

Introducing a foreign object into a well estabédhand defined entity has
always been met with opposition and resistance .fédleexisting building integrated
wind turbines that have been finished or are incthrestruction process all had to
overcome issues from several aspects of the coasdntonstruction. There are some
obvious and essential issues with the large maviades that must be scrutinized
over to ensure public safety. There are struciasales with the vibration caused by
the turbines and certain turbines can create leigél$ of noise. These are all
technical issues that can be solved with thoroweghigth and collaboration between
architects and engineers. The largest oppositiamesdrom the social, economical
and urban aspects that can affect large scale yrogects. Changing the way a
building operates as a part of the city and pogs#lersing the flow of electricity
often requires exceptions from design guides arldihg standards due to the
irregular and untraditional shape and appearanbaitifing integrated wind turbines.
The changes and exemptions usually require some dbgovernment granted
exemptions, this requires a government which iingilto be environmentally
innovative and encourage the building industryvole.

3.2 — Structural

The loads associated with a moving turbine caquie foreign to the usual
load calculations and have proven to be a probl@maurrent built examples of
turbine integrated buildings. The three turbinethimBahrain World Trade Centre
had to be shut down temporarily to re-strengthehaatust the structure due to
softening and deformation of the structure. Thestam movement of the turbines
cause the metal and concrete to deform over tintelethe deformation increases
the stress on the structure decreases but contiowasise further deformation which
will eventually lead to failure. (Stankovic, 200B)ere have been advancements in
structural isolation borrowing some solutions frearthquake technology to allow the
vibration caused by the turbine movement to be diesbbefore it reaches the load
bearing elements. The “use of finite-element stoeskes are now routinely used to
ensure so that key components can withstand the loags placed on them by
weight, motion and 50-year-return wind speeds.aiggovic, 2009) There are a
variety of suspension options to support the bittenacelle portion of the turbine
and each have aerodynamic and vibration implicatitioe most common are: a
simple tower, a full length vertical or horizonsalpport and tension suspension rods
or wires. All of the structural issues must be added and analysed properly during
the initial design stage so that the building antdine can work together. The
structural issues are usually the easiest obstaxi@gercome.



3.3 — Government

The governmental issues vary quite significandpehding on country, some
are more than willing to allow or even help fungerimental energy efficient
buildings. Other governments forcefully oppose progressive or experimental
technologies and oppose any private energy feédsha national grid. Several
European countries have deposited great amoumnésodfirces in alternative energy
research and offer large feed in incentives. Indhged Kingdom new high rise
buildings are now required to use renewable enfeng¥0% of the overall electricity
consumption. The new EU Energy Performance of Bwgl®irectives law also
requires an alternative energy feasibility studgeléor all new buildings over
1000n%. (International Energy Agency, 2007)

In 2006 the Ministry of Economic Development of Néealand published
‘Powering Our Future — Towards a sustainable lowssions energy system’ a paper
to get appropriate parties together to determimkdmfine New Zealand'’s best policy
approach towards public alternative energy produactnergy feed in tariffs and
carbon credit accreditation and trading. The papses that carbon credit trading
schemes in Europe on their own have proven to mewahat ineffective, expensive
and often more about bureaucracy. It recommendghbanost cost effective and
efficient strategy is government feed-in tariffs pwivate energy generation. The
paper recommends that New Zealand use Germanylaaithafid’'s energy feed in
guidelines and that it will greatly benefit all pas involved. (Ministry of Economic
Development, 2006)

Public energy feed in increases national grid Stgbieduces the cost of
electricity production and will benefit industryathis located away from major cities,
such as farming, the most. Public energy produais®es existing technology and an
already installed infrastructure so it can almastantly be up and running. The other
major benefit is that feed in tariffs promote locampanies to invent and produce a
variety of energy conversion technology in a raofyscales. Although solar and wind
power would produce the greatest amount of attenather forms of alternative
energy would get a new life of research. New Zaalzas an extremely large
potential for Bio-fuel energy production. The fangiindustry produces a significant
amount of animal waste which produces heat nayuaaitl can be treated and cleanly
burned. (Ministry of Economic Development, 2006kTéhis little public resource
available for the advancement of this technologgssipublic energy feed in is
allowed and promoted. Another large New Zealandstny that produces a large
amount of waste that has the ability to be burrednty is timber processing. There
is a significant amount of cut off and waste whielm be converted to energy. All of
these processes can be currently set up, butfiiastiucture required and technology
available for a self sufficient electricity prodigst and storage is still quite inefficient
and economically unfeasible. EECA currently offgrants for alternative energy
projects although most of the technology is stilegpensive it excludes most small
scale projects. Although New Zealand is still belhseveral European countries in
sustainable energy production things are begintdngove in a new direction.



3.4 Societal Considerations

The effectiveness of wind energy generation dependseing close enough to
the city centres to minimise the cost of infrastiue and maximise potential
electricity yields, while still being located in axposed environment with optimal
wind exposure and speed. This combination reqainesxposed natural environment
close to a city which will be visible to the surrmling population.

The main societal stigmas attached to alternainezgy are the visual changes,
which are usually in pristine natural landscapend\farms attract the most amount of
negative attention in New Zealand as most of tia gmwer panels are usually
placed on roof tops and are usually smaller setalfsough in some countries they
do construct large sun farms with thousands ofrgaels. The negative press is
usually created by a minority of people, surveyblaw Zealand have been conducted
on public conception of wind farms and recentlywshdhat “77% of respondents said
they prefer wind as the best energy source in ¢x¢ secade and 48% said they like
the way wind farms look, while 44% say it dependsmhere they are located.”
(Shape Nz, 2008) Public popularity for wind eneigincreasing every year affected
directly by the amount of media coverage expressiagnvironmental damage to the
earth, yet 70% of New Zealanders still feel theaggoment is not doing enough to
encourage renewable energy projects.

The introduction of BIWT has the ability to solveth social problems of
requiring clean energy production and protectionatfiral rural areas. The main
social issues of BIWT have been with public satetyg noise pollution, both of which
are being targeted with research and advanceshnaéogy.

3.5 Economic Considerations

The economics of a wind based project is dirdatked to the conversion of
wind energy to electricity, which determines thecgass or feasibility of a project.
Electricity output is directly linked to either meysaved or earned and although
using wind is much cleaner and environmentally oesfble than conventional
electricity generation methods, if a project witlst more than it will earn it will
rarely be built.

The New Zealand Wind Energy Association currestites that wind energy
currently costs approximately from $80 to $120 pegawatt hour to produce; this
includes land cost, equipment cost, yearly mainteeaand connecting the
transmission lines. Unfortunately wind farms in N&aaland do not currently receive
any government subsidies so developers must ba@pleduce electricity at a
competitive price to all other methods of generatMind energy is becoming a more
competitive option for electricity generation ase ttost of thermal energy is
increasing with the introduction of fees on greargegas emissions. Coal is rising in
price with carbon emissions tax and the cost ainahgas is also rising, which is
used in a large part of the rural areas in Newatehl All of these factors will



contribute to raise electricity prices $15 to $25 megawatt hour in the next few
years. (NZ Wind Energy Association, 2010) Wind poweduction costs will most
likely actually decrease in the future with “massguction supplemented by design
improvements and industry maturity” (Energy Rese&tait, 2005). The New
Zealand Wind Integration Study in 2008 states thatcost of integrating large scale
wind energy into the existing electricity systemmiach lower here than in Europe or
other areas because of the extensive wind resoantkesstablished hydro generation
in New Zealand. With a larger portfolio of elecitycoptions spot prices will be
reduced almost immediately, with thermal generatestgy becoming too expensive
to produce to compete with wind power. The addedréy during dry years will also
lower consumer prices with a reduction of dependeamchydro electricity (Strbac,
2008). In Denmark, thanks to their world leading@vpower industry, their
electricity prices “would have been approximatelyp 2.3% higher in 2005 if wind
power had not made such a contribution. This tedaslinto a saving of 0.3 to 0.5
€cents per kWh consumed.” (NZ Wind Energy AssocigtP010) It appears that all
economic studies favour a large growth of wind pogeneration in New Zealand
over all scales of production and that not only economically feasible now it
appears the start up costs will actually decreasiea future.

The economics of developing a BIWT building isdifferent from all wind
energy projects, its production versus price. Pelylperiod is quite often the defining
point of alternative energy project, unfortunatehwironmental performance usually
comes second.

3.6 — Summary

As with all technological shifts in constructiarhstacles will occur in every
aspect of a project and must be anticipated witipgr planning and research. The
end result of a reliable nation wide energy griddzhon clean sustainable production
will ensure a solid future independent from thdaiaerdepletion of the earth’s oil and
gas reserves. The powerful and relatively predietalind conditions matched with a
small population and isolation from other countmeske New Zealand the perfect
country to test the limits of wind generated eliedyr production. In the next chapter |
will discuss the local conditions and feasibility tleveloping a building integrated
wind turbine project in Wellington.



Chapter 4

Local Conditions



4.1 - Current local scope of new buildings

There have been quite a few medium to high risklimgis built in Wellington
over the last few years, several of which alongwheerfront in a move to
reinvigorate the area. The major projects in Wgtlim over the last few years have
been in the $100 to $150 million dollar range, vattimmercial space being built for
approximately $2500 to $3000 per square metre.eThas been a shift towards
producing more environmentally friendly buildingghvseveral of the new buildings
built along the waterfront by the CentrePort cogbian, along with the new Telecom
building that have received a 5 star environmenaithg. Developers are starting to
see the advantages of offering environmentallyieffit buildings, commercial office
space can use up 350kWh per m2 annually and teasmtsilling to pay higher rent
in efficient buildings. There is also the positmeblic view and opinion of the
companies who occupy these buildings. There isigtied that the local construction
industry will slow down post 2011 Rugby World Caithough there are several other
large scale projects in development on, or adjaietite Wellington waterfront.

4.2 — Local weather conditions

The one element that defines Wellington is wind srknown globally for its
powerful gusts. Geography amplifies these condstiéWellington is located next to
Cook Strait, which forms a narrow gap between tlemain ranges of the North and
South Islands. This gap between the islands andtamuranges accelerates the wind
through the Cook Strait making Wellington a verydy city.” (Te Ara, 2010)
Wellington has a monthly mean average wind speédikin/h to 36km/h with
Northerlies being the most frequent wind directiolowing 61% of the time,
followed by southerlies which blow 28%. This gragtows the average wind
direction and speed in knots (image 4.1) and howilkigéon compares to the rest of
New Zealand (image 4.2). The predominately axiabveconditions allow the
turbines to focused in a small directional ranggrioving energy output and saving
money.

It's not necessarily the average wind speed whegarates in from other
cities, it's the powerful gusts, Wellington getstopl73 days a year with gusts of
60km/h or more. (Te Ara, 2010) The constant windcWlfluctuates in speed and
strength provide the perfect location to implenmamd test the possibilities and
limitations of a BIWT building.

4.3 — Local sustainable practice

The construction industry consumes 1/3 of the asnergy and produces
40% of its waste (Keys, 2010); these facts comb wibt of responsibility and a lot
of room for improvement. There are several factioas contribute to make a project
as environmentally friendly as possible: energicefiicy, waste reduction, carbon



emissions, product and material selection, etcrd bhee several ways to minimise the
damage, Green Star has developed tools to quavdsye reduction in New Zealand.
The star rating system which has been adopted &sune the environment success of
a project is a “comprehensive, national, volun&myironmental rating scheme that
evaluates the environmental attributes and perfoceaf New Zealand's buildings
using a suite of rating tool kits developed to pplizgable to each building type and
function.” (Green Star, 2008)(Green Star) The gasipstem evaluates buildings under
nine criteria points: managemendoor environment qualifgnergytransportwater
materialsjand use and ecology arechissions and awards them either a four, five or
six star rating. There are only two buildings inN2ealand which have ever been
awarded a six star rating, the latest being thes@urch Civic Building which will
save an estimated $1.3 million a year in energge@iStar was launched three years
ago and a sign the things are improving in New a@sd NZGBC Chief Executive
Jane Henley states "There's a sea change occiurring way the industry considers
how buildings should be designed and built, andtwiere seeing in Christchurch is
a prime example." (Green Star, 2008) Wellingtorrenity has several 5 star
buildings, with 3 almost side by side along theexabnt.

The energy portion of the Green Star rating hashjority of its points
awarded to sensors and metering which allow propetrol and monitoring of the
lighting, heating and air exchange. Building mamaget technology allows a
building to only use what is necessary and prott@eproper conditions only to
specific areas of a building which are being used.

Designing a building which produces its own enarmst also focus on being

as environmentally efficient as possible or thergp@roduction may simply become
ornamentation.

4.4 — Summary

New Zealand still has a large problem with ineéic buildings that have
extremely poor insulation, leak water and werethiaiban overall low quality. The
best solution is to rethink how buildings are proeld here, to look at other regions
which have been producing sound structures whiohcoge and thrive in
environments as extreme as New Zealand. The bgstomaard is to not repeat the
same mistakes and to develop New Zealand’s owalibgiindustry to produce its
own sustainable practice and products. The peaoplde the industry must promote
building performance and endurance rather thandspee price as the project design
drivers.

Buildings which incorporate wind turbines requireminitial design time to
coordinate all the environmental and societal ingathese issues will vary
significantly from site to site and must be assess®l addressed independently to
allow for maximum performance. Thorough planning &&chnology are the main
contributors to a successful wind energy projeutillldiscuss the current BIWT
technology options available in the next chapter.
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Chapter 5

Technology



5.1 — Turbine types

There are two types of turbines, vertical axis Badzontal axis wind turbines
(VAWT and HAWT). The VAWT (image 5.1) is a much nemtechnology that has
produced several products in the small to mid rdieye and have become more
popular in this range but has yet to make a rephhin the large scale turbine
market. They both have their advantages and disaayes and both have progressed
significantly with the recent expansion of turbpr@duced electricity.

The VAWT requires less maintenance due to thedsldeing in a fixed
position and having fewer, slower moving parts. iHg\ixed blades means the outer
shell of the turbine needs fewer openings and alli@ss debris or dust to enter inside
the turbine, resulting in less maintenance cogtsrd is much less noise produced
from the VAWT because the blades spin at a sloaterand are a fixed curve rather
than the traditional blade tip. The VAWT perfornryevell in indirect and swirling
winds, HAWT are much more efficient in wind frontanstant horizontal direction.
One of the negatives are the VAWT are typicallgtgliy more expensive due to it
being relatively new technology.

All of the recent large scale BIWT projects havedia classic three bladed
VAWT (image 5.2) which is also used in wind farrfiis typical configuration has
been proven to have a high output capacity in bgged conditions but do not
perform very well in low wind speeds. The largela¢dAWT can produce a large
amount of noise, which may limit their use in abam environment if not installed

properly.

Image 5.1

(Quiet Revolution, 2010)



Image 5.2

(NZ Wind Energy Association, 2010)

5.2 - Blades

Both VAWT and HAWT use one of two forces to driveetturbine blades,
either drag or lift force (image 5.3). TraditiodAWTs use drag force, these were
larger windmill type turbines and their speed iseyned by the speed of the wind.
All modern turbines use lift force, which allows faster moving blades with smaller
surface areas.

The majority of VAWTS use lift force as it has iglmer output of energy per
meter squared of swept area. There are certais afegplication for drag powered
VAWTS, as they have different positive attributlkattcan be very useful in certain
areas. Drag powered VAWTSs can operate in highedwspeeds and more extreme
climates as they are usually constructed quiteyhaad robust, are low maintenance,
start to operate at low speed and are typically geret. (Stankovic, 2009) They
perform well at low speeds but are not that effitiat high wind speeds, the result is
usually a higher payback period. Currently the ncostmon VAWT are the Darrieus
turbine (image 5.4) and the triple helix diagramdge 5.1). The Darrieus turbine has
been trialled in wind farm applications and in thyecan be as effective as a
traditional three bladed HAWT but have proven teehatructural and resonance
issues due to the changes in torque during rotaliento its flow mechanics
(image 5.5). Due to these issues any attemptspteiment a Darrieus turbine into a
building structure has caused structural damadgfeetduilding. The triple bladed
helix has proven to be a popular option and isinoatly increasing its share of the



turbine market. They have the least amount of naigkvibration emitted allowing it
to be used extensively in urban installationsak hlso proven to be the most
aesthetically pleasing turbine in an urban envirenin(Quiet Revolution, 2010)
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(Stankovic, 2009)

Image 5.4

(Reuk, 2010)



Image 5.5

(Society of Oxford Engineers, 2008)

5.3 — Building Integrated Wind Turbines

These buildings represent a new direction in emvirentally focused
architecture by visually emphasizing the buildiagdity to generate its own
electricity and celebrate the aesthetic valuestafla@ine. The buildings are designed
specifically for wind energy with aerodynamics tteminant design driver in all
facets of the project. In order for a building toguce enough electricity to be viable
it must use a large scale turbine which can caigeéfisant problems, it can produce
a significant amount of noise and vibration to sherounding area and the building
itself. There are several issues that are amphieen designing a BIWT; orientation,
vibration, acoustics, facade construction, ventifgtsafety features, electrical
services and most notably the structure. The dedigime project will take much
longer and will involve more specialists due to #éimeplified environmental
requirements of a project. Than also add on thegydesd incorporation of a large
moving turbine and all the extra planning and cahséich will extend the pre-
construction time even further.

The first step in the design is to review the waoeditions available for the
site and find the optimum orientation and vertigalcement of the turbine through a
thorough and extensive wind study. In an urbanrenment this usually requires
elevating the turbine to get access to the lag@stunt of uninterrupted wind flow
which will provide the fastest and most powerfuhds. The next step is to evaluate
any constraints the site may have and if theraaygpossibilities to accelerate wind
speed with the shape of the building. After theurezl turbine position and building
shape is determined the building structure and mactcomfort must be ensured,
including any ground level pedestrians. In an uravironment the air pressure of
the surrounding area can be affected, especialgnviduildings are designed to
accelerate the natural speed of the wind. Thisgdampressure can effect the
surrounding buildings and can even help with natweatilation if dealt with properly.
There must be extra caution during the design gdeaensure there are not systems



working against each other or that implementatibthe turbine causes the building
to use excess electricity.

Ideally a BIWT should utilize existing turbine tewlogy to control costs,
although the new turbine support structure mustgeeially designed to insure
complete safety during any type of failure or equidike. Any turbine structure will
block a certain portion of the incoming wind, se 8maller the better, but it must also
be able to dissipate any resonance from the rgtatirine.

5.4 — Case Studies

There have been only a few large scale BIWT ptsjeompleted and have all
experienced some problems in reaching a functistasd. There have also been
several extensive experiments to test the diffezenfiguration options and
maximum vyields possible from a BIWT.

Project WEB was an experiment focused solely on BlWwas conducted
over two years and concluded in September 2000cllided architects, planners,
environmental, mechanical and structural enginaedsaerodynamicists that where
practitioners and academics from different partEafope. The project “has been the
development and demonstration of wind enhancemehirgegration techniques,
which improve the annual energy yield per instadlaby concentrating the low to
moderate wind speeds (2-5 m/s) typical of mostdoaas in Europe. This has
involved balancing and reconciling aesthetic, agnadhic, architectural,
environmental and structural constraints.” (Pro&B Partners, 2001) They
researched the full integration of wind turbinewidg the architectural form
(image 5.6), how to deal with the issues of turbibeing located close to other
people and property and how wind acts in an urlpairenment. The first stage of the
research looked at the aerodynamic propertiesboflding and how these could
enhance wind speeds. A typical windmill or turbivees the ability to rotate to face
directly towards the wind, or yaw, a high perforroamuilding should be able to
redirect the wind since the turbine in a fully gtated project must usually remain in
a fixed position. Project WEB used wind tunnelitegtflow visualisation techniques
of models and ran computer generated computatfindidynamic testing to try and
find the optimal shape for the widest range of walr@ction and wind amplification.
The testing showed that round smooth buildings wittircular ducted area which
tapered around the spinning turbine performed #%. @ his shape had the best ability
to enhance wind speeds and allowed for anglescafence up to 50 (Project Web
Partners, 2001) The optimal aerodynamic desigrhdwdever produce some issues
architecturally. The resulting towers had a rathesp floor plate which would require
artificial lighting and the area surrounding thebine would have issues of noise,
vibration and electromagnetic interference. Theseess should be used as plant
rooms and possibly circulation or buffer areas. progect team built a 1/7 scale
model and found that placing the turbine insidedheted section of the building the
turbine would produce considerably more power, appnately 25%, than if it was
conventionally placed on the same site at the daaght. (Project Web Partners,
2001) The research project also produced a prpjegression chart (image 5.7), it
states that a project has feasibility if “thersusficient wind at the site and no serious



planning or environmental restrictions. Ultimatefythe project makes technical and
economical sense and the environmental impactaceptable, planning permission
will be granted.” (Project Web Partners, 2001)

Image 5.6

(Project Web Partners, 2001)
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The first large scale completed project was ther@ahNorld Trade Centre
(image 2.4) which was completed in 2008 is comgrsietwo 240m high towers and
three 29m, 225 kW turbines. The project was donAtkins at a cost of $150 million
US, it has 50 stories and its turbines generat® 43 GWh a year which is 15% of
the buildings annual electricity usage. (BahrainrM/@rade Center, 2009) The
buildings shape was derived using airflow dynancaccelerate the wind flow both
horizontally and vertically. The vertically taperddsigned twin towers allow each of
the three turbines to receive equal amounts cfped and generate the same amount
of energy. The wind turbines are reported to halded 3.5% to the project cost,
making for a relatively small payback period. Eaatibine can start at a wind speed
of 4 m/s and a safety shut down speed of 25 m/svamki at maximum efficiency at
12 m/s which is the average wind speed of the @tankovic, 2009) The turbines are
supported by steel bridges which are attachedetwtiiding with motion absorbing
bearings allowing each bridge to move 0.5m, absgrbny vibration caused by the
rotating turbines without transferring any forcehe towers. The most impressive
part of the Bahrain WTC is the 120,000af office floor space built with
environmentally responsible building services aaghtle for only $150 million US
($200 million NZ), this translates to $1667 NZ pe&. (Bahrain World Trade Center,
2009) The new Telecom building in Wellington (im&g8) which received 5 stars
from GreenStar cost approximately $3846 NZ p&rmore than double the Bahrain
WTC. The Bahrain WTC needed to make some adjussiierthe working turbines
but have been fixed and is working as estimatdaagtwon several international




awards and has changed the previous conceptidve iconstruction industry that full
building integrated wind turbines where cost praiib. This project proved wind
energy is economically feasible and wind energylmadisplayed in a positive and
public fashion. The key to the economic successtegrating the turbines into the
project was using standard, off the shelf elemestsre ever possible and adjusting
the building to suit.

The best example of wind turbine integration feesidential project is the
Strata residential tower in London (image 5.9)th# top of 148m tall tower are three
building integrated 9m turbines which will produee estimated 50MWh per year
which should be 10% of the buildings annual eneegplirements. The building cost
£113.5 million ($240 million NZ) and has 408 apartitseand a shopping complex on
the ground floor. (DeFreitas, 2010) The energicieint building will use recycled
water and be connected to the new Elephant & CeEHISECo (Multi-Utility Services
Company), “a community combined heating and powkesie. Independent analysis
has compared CO2 emissions from Strata SE1 aghas8uilding Regulations 2006
Part L2 targets. The result demonstrates thateS8&tl will achieve a predicted
73.5% reduction in CO2 emissions when comparechagtie Building Regulations
benchmark.” (DeFreitas, 2010) There was extensine wssessment testing to select
the shape of the shroud which would house thertadiio ensure maximum air flow
through the swept area of the blades. The testthgedriginal concept with 9m
square tapered shrouds, than with a 1m fillete@ edghe front and a rounded edge at
the rear and the third with a 2m filleted front ednd an altered canopy
(image 5.10). The third case proved the most effectsing a range of incoming
incidental wind angles with a 35% increase of nil@sg through the turbines. In
relative scale to the building, this project usedhBer turbines than the other
examples and therefore had to make sure that thiméuplacement was configured
for the maximum allowable energy yield. (Stankow@09)

Image 5.8

(Maximus, 2008)
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5.5 - Summary

The technological advancement involved in integgaturbines into building
and energy grids is essential for the future of trew practice. BIWT technology is
still at a point where if the advancement is nqtpgrted by governments and large
scale corporations that have an obligation to therenment, it might be written off
as a fad and forgotten. One of the main reasonstldrg are not more current built
examples of integrated turbines is high costs. Aamsason for high costs is there is
not a large enough demand for mass produced twbiaesing expensive specifically
designed products. The advancement of technolodgacial acceptance are the two
factors which will determine the future for urbameegy production.

From the cases studied it appears that the kaysteccessful project is using
as much existing technology as possible and maxgiind flow through the
design of the shape of the area directly surrounthe turbines. Currently there is
only a small amount of turbine options producedhweihough quantity to allow
economic feasibility and the key to product deveilept is public social demand.



Chapter 6

Wellington Wind Integration



6.1- Aim of Project

To propose a wind powered energy project in Weltingseems intrinsically
straight forward. The benefits of wind power oveelvh any possible negatives, it is
almost completely free of any carbon emissionsthatk is an unlimited free supply
which can now be reasonably predictable. Wind pasvére fastest growing
environmentally friendly energy resource and isdoeiag increasing efficient with
mass manufacturing and technological advancesaith®f my project is to design a
building to serve as the national centre for unvard power advancement, an iconic
building which represents New Zealand’s devotiothefuture of clean energy
production.

My aim is a building which has the ability to sustds own energy
consumption by incorporating wind turbines to proelthe equivalent amount of
energy it requires. The building will be designedéquire the least amount of energy
possible through both active and passive energngalesign. The combination will
produce a healthy building with ideal working andng conditions. Producing a
building which can display the benefits of urbamavpower in a public, high traffic
area could initiate further wind based projectgirifitely a city with enough self-
sustaining buildings could potentially create ignoclean, sustainable energy grid.

6.2 — Project Pre-Design Considerations

Designing a building follows a certain path depgagan the projects size,
location and intended usage. The design pathigtedrby several parties and
governed by local government which must considempiioposed buildings
integration into the local context. These are thesaderations and resulting decisions
| have made during the design process of the projec

Site:

| chose the waterfront site (image 06.01) througklaction process of
wanting a highly public site with heavy pedestrigaific and needing an urban site
which had the maximum unobstructed exposure t@teéominant north and south
wind. The waterfront site is currently occupiedtbg Shell Corporation which is a
global petroleum company, the change in occupasyiigholic of the intended global
shift away from petroleum based fuels towards ¢lsastainable environmentally
responsible energy production. The site is surredrimy one of the major pedestrian
traffic routes in Wellington with very minimal vedte traffic allowed along the
waterfront. Adjacent to the site is TSB arena dr&gublic square which hosts a
variety of public events during the year and isrttegor connection route from the
central business district to the waterfront.

The site has optimal access to unobstructed wiedalits waterfront location
and the lower overall building height of the sumding buildings, these factors
combine to allow for powerful direct wind above B6ostories. The waterfront area



known as “outer T” provides protection from the dicoming off of the water along
ground level, providing comfortable conditions fdestrians.

There has also been a recent surge in environmefrtahdly buildings
completed in the general vicinity of the site aldhg waterfront, several of which
have been awarded green star ratings (image 0@.b&je are a few other
commercial projects which are currently proposerkjovenate the waterfront area
and encourage a connection between the waterfrahthe business district of the
city.

Usage:

The move to design mixed use buildings in an utenseveral
environmental and social benefits. The ground fleidirprovide public space with
retail and restaurant space to promote as muchcpuatgraction as possible and also
serve as the entrance to the commercial and rdg&ti#oors above. The area is a
popular spot for lunch time and after work socatien, along with the internal public
space there will be several public seating arezated to increase public usage.

The commercial space will comprise the lower foof the building and will
house office and research space for alternativeggre®mpanies. To encourage
interaction between companies involved in altexgaginergy can create synergies and
collaboration which is needed to progress New Zebsacurrent alternative energy
practise. Interaction will be encouraged througkating public areas and common
social areas available to the public. These shimgldde break and lunch areas and
semi-protected common outdoor space.

The residential portion of the building will ocquthe majority of the top
portion of the building with each floor providingur separate residences. Each
residence is designed to maximise passive spaeemgdplacing the most heavily
used areas on the exterior of the building for radtiighting and heating. Any active
assistance needed to provide optimal living coodgiwill be installed using the most
efficient technology available. Small scale worlasp should be included to allow
people to work and live in the same building eliating commuting time and energy.
Social interaction will be encouraged through pubbcial space and common
building circulation.

Mixed use buildings are becoming increasing comarwhhave many
benefits by decreasing commuting distance, alloat bechange created during the
day by commercial use to residential space at ragttpromotes interaction between
social classes.

Height Restrictions:

The proposed site is currently situated in Lambtanbour Area which has
height restrictions of 18.5 meters, the heighhefturrent Shell Corporation building.
The proposed project would need to go through @ureg consent process and
granted special permission. The area directly adiaio the site across Customhouse
Quay has height restrictions of 80 meters, whialilluse to make sure the scale of
the proposed building relates to the immediateosundings. This will cause some
shadow consequences to the area, | will try andmise the effect by using a circular
building floor plate which tapers with elevatiorhére will always be some adverse
effects of a new building, these must be considarebweighed against the positive



contributions of the new proposal. The largest sdop improving the public
experience of the area will be the ground floothef building and the immediate
surrounding exterior area including the public bess square.

Building Shape:

My research on previous case studies have shaatnhié form of the building
must provide a funnelling effect to the area imraggly surrounding the turbine to
increase wind speed. To reduce the wind loadinaaest of the building a curved
floor plate will be used to allow the wind to passund the building horizontally.
The circular floor plate will also minimise shadoweast on the surrounding area.
Having a circular floor plate and curved facad® dlas the lowest exterior surface
area to floor plate area ratio reducing the amofiehergy lost during the winter and
heat gained during the summer. There is usualigsare of allowing natural sunlight
to reach the middle of a building with a convenéibcircular or rectangular floor
plate which will need to be considered.

These are all important issues which must be densd and implemented in
accordance to achieving the overall project aimh¥(it going through the entire
resource consent process | will proceed with tlesygmption that the projects height
plane breach would be deemed acceptable by theatycil based on the overall
merits and public contribution of the building.

6.3 — Landscape Design and Surrounding Area Context

The landscaping around the building is intendeprtamote pedestrian traffic
through the site and also provide public seatirgysocial areas beside the main
traffic routes (image 06.03). Stairs, seating aaded levels have been used to create
boundaries and define areas as either circulatigrmublic seating and social space. |
have used wooden seating and planter boxes to iorimgtural elements which come
in physical contact with users. The ground integgtgiaving to the north of the
building gradually introduces the user to the negaand blurs any boundary lines. |
have installed a turbine to the garden area todioize a visual tie at ground level to
pedestrians but while turning it would also crestenovement which could be felt at
ground level, creating a public experience withdvoower (image 06.04).

The proposed square to the north of the main imgjldrovides public exterior
work space and inside provides safe bicycle parkmgge 06.05). The exterior
levels are work spaces which allow people to l¢he# office and use the space for
private work or even scheduled meetings, promgtingjic interaction with the site.
Each table will provide electrical outlets, withvper supplied from the 15kW
horizontal axis triple helix turbine, as well agaland internet service allowing
people to do a variety of work tasks. The floows grass to provide a less formal and
comfortable work space. There are three diffengmes of configurations available;
the first a standard table with benches each gpétin 12 people, the second a
similar sized table located closer to the grounidpfople who wish to sit directly on
the grass but still have a table to work on andhire are simple connection panels
allowing people to sit or lay on the grass and ssé their laptop. The circulation is
cyclical, representative of the path of a turbimbich is a theme used throughout the



project. The public space is comprised of two défe level spaces allowing the users
to feel the influence height has on increasing veipded. The sails provide shelter
and tie the area to the public square betweenrtiigoped building and TSB Arena.
The horizontal axis turbine was chosen for the malisound emission and low wind
start up speed.

6.4 — Building Entrance and Ground Floor

The building entrances are positioned in the gutee building to provide
hierarchy and emphasize both the entrances anzliteen the building (image 06.06).
The fully glazed roof and stepped balconies tdfitlse and second floors blend the
transition from exterior to interior and blur thefahition of the balcony space (image
06.07). The red vertical glazing structure accemeithe entrance and emphasises the
vertical aspect of the red building cuts. Glaziagised throughout the ground floor to
pull natural sunlight into the middle of the burdiand provide a visual connection to
the interior of the building. The roof of the graufioor is broken up to pieces to
emulate the image of a traditional rectangulardig form which has been twisted
and broken from the new buildings twisted form (@®6.08). This is also to break
up the facades into smaller sections and reduceishal scale of the building. The
reduced scale of the ground floor elements, stagigwor plan and the pedestrian
focused landscape design create an interestingrnaoaed environment which
engages each passing pedestrian without overwhegltingm.

6.5 — Building Core and Central Stairwell

The central building core provides both the maincsure and circulation for
the entire building, similar to the tower and n&eef a turbine (image 06.09). The
ground floor area of the building core has beewattal to provide a central focus and
place emphasis on the stairwell. The central sedirserves several purposes and is
the central focus on the entire building, encourggise and physical activity. Its
main purpose is to obviously provide vertical moeatrthrough the building. The
circular rotating shape of the stairs mimics thezement of the turbines, creating a
similar movement of the building users. Secondgy/stairwell acts as a stack
ventilation chimney providing passive ventilatidie stairwell also allows sunlight
from above and provides a visual link from all fle®o the working turbines. Finally
the stairwell acts a sculpture publicising peopl®whoose to use the stairwell rather
than the elevators.

The building core on the commercial floors is dasd to encourage social
interaction between companies which occupy the d&ooe(image 06.10). | placed
the kitchenette and the seating for breaks in anaomarea to promote informal
communication.

The building core on the residential floors isdifa small 1 to 3 people
business spaces allowing people the opportuniyotdk from within the building
(image 06.11).



6.6 — Structure

As mentioned, the building structure is all bagsalind the circular
re-enforced concrete core which provides the gydeading, shear loading and
torsional rigidity. The building structure while emnventional provides the buildings
identity and is based on a simple theory of stackexes and perfect balance. The
theory is similar to the structure used for 30MEry Axe (image 06.12). The St.
Mary building was designed by Foster and Partnedssés high in the London
skyline at 180 metres, it uses a steel core andirdsgangular fingers cut out of the
circular floor plate. Each floor rotates five deggdo create atrium space which
spirals up the building. This allows natural suhtigeeper into the floor plate and
provides natural ventilation. This is the samedtmal strategy | have used, although
| decided to use a re-enforced concrete as the straiature for its thermal retention
properties. Each floor is perfectly balanced arotlvedcentral core allowing centre of
mass to carry the gravity load, which is in thetoeof each floor plate and in the
middle of the 600mm thick concrete ring which had auter diameter of 24m. The
structural ring column also works a shear wall badause of the mirrored floor plate
the centre of mass is also the centre of rotatawsing an eccentricity of zero. The
large eye shaped openings allow sunlight into drgral space and due to their
elliptical shape running parallel to the gravitadis the concrete is never subjected to
any tensional loading.

The floor plates are reinforced concrete with @ritth toping and a 300mm
waffle grid substructure to distribute any poirdds evenly across the floor plate. The
waffle grid allows for the large amount of reinforg needed to transfer any tension
loading to columns while reducing the weight of le®r significantly.

Due to the project being on reclaimed land thesald/be some deep piling
needed, although the circular shape of the buildiagld reduce the wind loading
substantially. The wind force which usually travedstically along a rectangular or
square building, now travels around the buildingducing positive pressures on the
windward area and negative pressure to the rebedacade. This effect is also very
useful when used to produce cross flow naturalilzian.

In certain low load areas the concrete used daudl fivith up to 65% industrial
waste such as fly ash, a by product of smeltinggss which significantly cuts down
on carbon dioxide emissions during processingstsél reinforcing used must be
marine grade due to the proximity to the salt water

6.7 — Exterior Facade System

The exterior facade of a building regulates thiédings temperature and
therefore determines how much energy it consumiexiitg allows natural sunlight
into a building but has traditionally released mafsthe heat. Years of research has
resulted in double or triple glazed sealed spamhpels trying to gain the lowest



U- value possible. The glazing suite | have chasehe Thermotech triple glazed
argon filled low-e panels with silicone foam spagevhich combine for a U value of
0.71 W/nm¥K. The lower dark portion of the panel is filledtlvan organic paraffin
phase change material which works as a latentdteitge system. The double
layered glazing is separated by a one metre catitgh acts as a temperature buffer
and allows the building to passively ventilatelitsghich | will discuss in the next
chapter in more detail. The interior glazing rures1f floor to ceiling on each level
and is combined with the automated blinds whiclnsihe cavity next to the internal
glazing. The internal glazing layer also housesaihéntake for the localized heat
exchanger ceiling unit which provides any additidreat required. The exterior
glazing is supported by the square truss ties whtst along the corners of the
building cuts and are tied to the floor plates.

6.8 — Services

The building has been designed to passively sgiiHate temperature and
ventilation while still being almost completely gk to maximize the city and
harbour views. The double skinned cavity fagcadbeskey to both temperature
regulation and passive ventilation. The buildingdtions as building inside a
building using the cavity to move and expel unwdritet air, allow fresh clean air to
enter and circulate through the building and waks transition space to buffer the
temperature difference between inside and outside.

During the summer the sun heats up the air insideavity which rises due to
the stack effect and is then sucked outside bysvesdr the top of the building by the
suction created from the wind passing by the cancblilding (image 06.13). The
vacuum inside the cavity pulls air in from grouestdl which has been cooled by
passing over the water and is distributed to eldr by openings in the internal
glazing layer. The blinds allow the sunlight to prate the exterior glazing layer but
get trapped in the cavity and expelled out thevt@pout entering into interior of the
building. Any interior hot air is pulled up the ¢ead stairwell and vented out the top,
this movement allows for passive fresh air exchange

In winter the cavity acts as a large layer of lagan which allows the heat
that is gained during the day from the sun ancestar the concrete to remain inside
(image 06.14). The commercial portion of the buigdproduces heat during the day
from people and equipment which rises to heatdéb&lential portion of the building
which requires the heat at night when the busirseaseclosed. Any additional
heating required would come from in centralised legahange unit and controlled by
temperature sensors in each unit. The heat exchamgeeceives hot water from the
40 solar water heating panels located on the nodfaae topped up by an electric hot
water heaters if needed (image 06.15).

All of the services in the building are controllleg a building management
system which has a range of internal and exteer@@s. The system monitors
temperature, moisture, lux levels, occupancy amblocadioxide to co-ordinate all
systems to work together and to maintain optiméting conditions, while not
wasting any energy. The building management systeronnected to the window



openings, blinds, ventilation system, artificigHting and the heating system. All of
the controls can also be controlled by the locdding user if desired.

The roof holds 40 solar hot water heaters andnawater collection system

which stores water in the services area for tdlilesthing. Low flush toilets and low
flow taps have been used throughout the building.

6.9 — Summary

Designing a building to use as passive energyangd combined with smart
sensors and controls is the most important factonaximising energy efficiency.
Buildings should use natural wind and sun energggulate its conditions, rather
than simply blocking them out as much as poss®dmtrolling weather intake and
local site specific environmental conditions mustibe primary design factor in
creating an efficient building. The next step igreating the amount of generated
energy your building will require to function prapeand deciding if it is
economically or environmentally feasible for thelthng to produce its own energy.
For my proposed site the local weather research Bagwn that wind power is the
dominant potential source of energy. In the nexpeér | will discuss how | have
integrated wind turbines and the resultant desighemergy production.



Chapter 7

Project Results



7.1- Technology Used

The turbine configuration for the top of the builgiconsists of five total
turbines: three triple bladed traditional horizdmtas turbine and two triple helical
horizontal axis turbines. The turbines are seties and geared to work at each
turbine’s maximum efficiency. The traditional tunbs are much more productive at
higher speeds, while the triple helical turbines suited towards lower or
unidirectional wind speeds. In either high or lomavspeed conditions two of the
five turbines would perform at its highest outpthe 21m diameter Dezhou Aerosa
WT-210 traditional triple blade turbine has a startspeed of 8m/s and a maximum
cut out speed of 80m/s. The triple helix turbinas produce 45,300 kWh annually
and have a start up of 3m/s and cut out at 50nws.cbmbination of the different
turbines allow the entire system to always worthatmost efficient state possible
depending on wind speed and direction.

7.2- Local Weather Parameters

With an annual average wind speed of 22 km/h \Wgiitin has an abundance
of wind power. This number represents the condsti@inground level in a relatively
open setting. To get a more accurate calculatiomiod conditions where our
turbines will be placed we need to take into actounibine height and the city
topography. The first step is to calculate thedispeed at the height of the turbines,
the speed increase at a 1/7 power, which takesodount an urban site next to a
large body of water. The formula is U/Ur=(Z/Zr)"Livhere U is wind speed and Z is
height and Ur and Zr are the proposed wind speddaight. The annual average
wind speed of 22m/s is taken from a weather ddtaator which sits at a height of
3m; our turbines will sit at a height of 71m. Aidimeight the annual average wind
speed will therefore be 34.5 km/h or 9.6 m/s. Hmsual average speed is ideal for
wind power production.

7.3- Predicted Energy Requirements

Now that we have determined that the site is blgtbor a wind turbine, we
must estimate how much energy our proposed buildifigequire. We can estimate
what energy the building will need to consume tont@@n a comfortable temperature
depending on area usage, healthy air quality aodgorighting levels. We can also
estimate what percentage can be saved from effilgehnology and passive design
but energy conservation also has a dramatic hum@apaenent which can only be
encouraged but not necessarily predicted.

The commercial portion of the building has a cdasably higher energy use
per square metre than the residential, which istddlee equipment and lighting
needed. It is generally regarded that a typicalroencial business will use 350 kW/h
per year per square metre. The energy usage iflyudiveded evenly amongst;
HVAC, lighting and equipment. As a reference | widle the Geyser building in



Parnell, Auckland which has a similar environmdgtidcused design strategy and
vented double skinned fully glazed external facdtds.built in an area with similar
weather conditions and represents a conceivabé ¢d\design within New Zealand,
using best practice environmental goals. | will as@nservative commercial energy
consumption of 110kW/h per square metre per yétlngugh the Geyser predicts it's
usage at 95 kW/h. My proposal has a total commigioar area of 12,400 which
gives an annual energy requirement of 1,364,00thkW/

The residential portion of the building occupi&sfibors and consists of 45
separate residences from 250m 330n% (image 07.01 + 07.02). The average New
Zealand stand alone household with the same fi@ar ases 7630 kW/h per year.
Using solar hot water heating, sensored lightind) @essive temperature control an
average apartment should use 2500-3000kW/h per Wéeawill use 3000kW/h per
residence for an overall residential energy denwdri85,000 kW/h per year. Both
commercial and residential estimates have usedigier end of the estimated usage
to be safe but would more than likely be quitetddss than stated.

The top floors of the building are plant rooms ahduld contribute an extra
energy demand of 51,000 kW/h for a total buildiaguirement of 1,550,000 kW/h
per year. At the approximate current rate of eieitgrin Wellington of $0.20 per
kWr/h it totals an annual electricity bill of $310@ A building of similar size and
usage designed using cost as the main design aviudd have an estimated annual
energy cost of one million dollars.

7.4- Predicted Energy Produced

The project WEB study showed that one of mainegias to keep cost down
in a building integrated wind turbine project wasuse already available products as
much as possible. For the 3 bladed traditionalime] have used the NorthWind 100
Wind Turbine by Distributed Energy Systems. It syachronous, variable speed,
permanent magnet, direct drive generator and wsigred to be low cost and low
maintenance. (Systems) With an annual average syiadd of 9.6m/s the Northwind
100 has an output of 475 MWh or 475,000 kWh. Thisil be the output for one
installed turbine in a stand alone installatione Pinoposed design would allow the
first exterior turbine to produce this quantityesfergy, the turbine sheathing and
exposure to the first turbine will alter conditidios the subsequent turbines. The
entrance of the sheathing is 28.5m in diameterother turbine has a diameter of
21m leaving an uninterrupted area of 292irhis uninterrupted area would combine
with the wind power left over from the wind swep¢a of the first wind turbine,
which is 1/3 of the overall wind power. The windesg hitting the first turbine is
9.6m/s annually, 1/3 of that is 3.2m/s over a venept area of 380The formula
for Watts produced from a turbine is W= Cp(air density)(wind swept area)(wind
velocity?®). The sheathing will increase average wind speed by 2.5m/s as shown by
project WEB. For the uninterrupted area at the entrance of the sheathing the
equation is W=(.35)(.5)(1.29)(292)(12.13)= 116,780W. The equation for the wind
power left after the first turbine will be W=(.35)(.5)(1.29)(380)(5.73)= 15,887W or
75MWh for a total of 132,667W which would produce 627,000 kWh. The third



turbine in series would receive 44,222W and would produce 188,000 kWh. The

overall estimated energy production would be a sum of 1,290,000 KWh (image
07.03). The overall building energy requirement 860,000 kWh subtracted the
produced energy 1,290,000 kWh leaves a need fqgf@6&KWh or 260MWh. There
are several factors which can affect the amouenhefgy produced and consumed
throughout a building so it is still difficult toebcompletely accurate if a building can
be self sufficient.

7.5- Overall Economic Results

One of the main factors in estimating buildingegrated turbine feasibility is
economic efficiency and pay back period. With cotrectricity prices the proposed
turbine installation would save $258,000 a yeae §lnerated electricity along with
the energy saving from an environmentally respdesibesign and products would
combine to save just under a million dollars anlyu&in acceptable pay back period
for energy efficiency based technology, dependimgl@nt, is in the 10-20 year
range. If the client would accept a 15 year paxklpriod the additional cost of
integrating the turbines would therefore need toder $3.8 million dollars. The
Bahrain World Trade Centre stated that the additionst for their turbines was an
additional 3.5%, which was deemed completely aat®#et If our turbines were to
use the same percentage the overall project wadd an overall project budget of
$108 million dollars. This is slightly below the &1 million dollar cost of One
Featherston St. which is almost complete in Weltingand built for a cost of $2500
per square metre of office space. The proposeeqtrg 39,500 this would allow
for a budget of $2735 per2min planning projects of this size a preliminasyimate
and design strategy is put in place to begin tlgept, this evolves over the design
period and project elements are revised to suigeudnd overall project goal. From
the initial design and research | have done foiptioposal it appears that it is
completely feasible and could perform as well dtdyehan some current built
examples.

7.6- Summary

Predicting costs and building performance withgxts that have so few
similar predecessors it is often quite difficultget an accurate as estimate as other
standardized projects. Due to this, estimationscahcllations must be based on
theory and as much site testing prior to constoumctis possible. These calculations
and predictions have shown that Wellington citthis ideal location for urban wind
integration. With these conditions comes a resmlitgito further the possibilities of
building integrated energy generation and promogédlivdjton as an environmentally
conscientious city.

Economic performance is important for all new petgeand is paramount for
a project to serve as an icon of environmentalguerdnce, energy saved directly
relates to money saved. The challenge comes frépmieclients to realise that



performance rather than price as a project driviércveate the most success and
efficiency over the life of the building.



Chapter 8

Conclusion



8.1- Environmental Contributions

Changing the way we design buildings must be it@itidy countries that have
the resources to do so. In the past New Zealanéxerienced a significant delay in
implementing energy efficient design standardsracdiving environmentally
focused technology. With the current shift towaedsironmental focused
architecture also comes the ability to change tiésv Zealand advertises itself to the
rest of the world as ‘clean and green’, yet thedag industry is anything but. The
powerful wind and sun in Wellington combined withugh terrain and a relatively
mild temperature produces the ideal location tbded utilise a range of alternative
energy production. Urban integrated wind energylpation has been introduced to
the world and shown it is a feasible option anddhse studies suggest that New
Zealand needs to increase in wind power portfalicetuce it heavy dependence on
hydro power. | have shown that Wellington haslad tonditions necessary for a
feasible building integrated wind turbine projebg only item remaining is a client or
government with enough environmental dedicatiomolement the technology.

Turbines built on their own have a positive envimamtal contribution, but if
they are occupying previously natural areas andigirmy energy to buildings which
waste electricity due materials that perform podhigt contribution is nullified. Clean
energy should be provided to buildings which magerefficiency, building
integrated wind turbines are the perfect combimasiod solution.

8.2- Urban Contributions

The integration of wind turbines faces severalessin the urban context
which must be dealt with completely and in theyeathges of design. Negative
public opinion can occur if a turbine is overtlytbor is deemed a threat to public
safety, these are technical issues which can beawe with proper design. | have
placed the turbines in a large sheath which actsveied accelerator, but also
provides acoustic dampening and a visual barrievden the turbines and city to
block any flickering reflections. The top floorstbie building which surround the
turbines are plant rooms and act as an acoustieb#or the rest of the building.

The main urban issues that are site specifica@tbject is the breach of
allowable building height and the shadows casthersturrounding area. A special
exception would need to be made during the resaionsent period but a building
which has the ability to act as an icon should pram acceptable exception. The
circular shape of the building has a significamluetion in the shadow cast and the
majority of the area affected by the shadow oftthiding is either other buildings,
water or road, but this is one aspect of any lasgate project that is unavoidable.

Although the shape of the proposed project iseqifferent than the
surrounding buildings, the buildings general sizgahes the scale of the adjacent
buildings (image 08.01 + 08.02 + 08.03). | havdicaped the scale of the
surrounding area through the size of the glazinge|saand expressing the floor to
floor height on the exterior of the building. Peties scale was dealt with by the



ground floor articulation and staggering the facelggnents to break up the overall
size of the building experienced by passing pedestr

Presenting a foreign object into the urban fabrespnts several obstructions

but in order to change the focus of an industry yeed an icon to express the idea in
a dramatic fashion.

8.3- Economic Contributions

Energy saved or produced is equated to money senaddng it hard to
decipher if environmental based projects are abawvihg money or the saving the
earth. Regardless of motive, the economic fedtsitluf energy producing projects is
usually the most important issue, specifically ggegroduced compared to
integrating the additional technology. Some governtprojects or overtly wealthy
clients have to ability to accept longer paybackqas or allow the overall positive
contribution to trump any additional costs; progeeith these allowances are too
scarce to allow any main steam integration. In ofdebuilding integrated wind
turbines to become a realistic option it must hayayback period of 15 years or less.

My research has shown what has been previousgpéadale turbine
integration rates for completed projects and thesjibe budgets for local large scale
projects; the energy production and economic catmris all show that a turbine
integrated building is completely feasible in Wagjion.

8.4- Conseguential Questions

The next step in the proposed project would bepiay for resource consent
and obtain an estimate from a Quantity Surveyoe fitoposal would than need to be
adapted to meet budget and receive consent. Thiklwequire some time and
resource as projects with such abstracted fornes @fte the subject of controversy
and can meet opposition from council. What excestivom local urban regulations
should be allowed for projects which have the gbib transcend local context and
have global impact?

If projects have the ability to reduce wasteboardioxide and energy usage
why hasn't it been made compulsory in a countrycltaxists and thrives on a
natural healthy landscape? With the ability to pic@clean energy the task of
implementing the responsibility lies with the gaverent.

Energy conservation is the first shift in constrmetfor a society focused on
consumption and accumulation. Clean energy proolu@iong with the protection of
natural resources is the next consequential stepfifal step will be to
re-evaluate what we have been taught is acceptas of consumption. Not only
consumption of energy and natural resources buguwuoption of space which like
petroleum is a fixed quantity and with the curneaté of consumption will be
exhausted.



8.5- Summary

Through the process of the project | stated tlogept aim of replacing global
non-renewable energy consumption with the propssédion of integrating
electricity producing turbines into our urban eoniments. | than described the
origins of wind power and the current energy cdodg in New Zealand. The third
chapter discussed the different aspects of progasivuilding integrated wind turbine,
which was followed by the local building conditioasd industry in Wellington. |
than described the recent and available turbinent@ogy. Chapter 6 described the
different building elements of the proposed progead how they function. This was
followed by the data and results of the projectdbsg the successful conditions
and performance of the proposed project. The lzegpter showed the viability and
contributions of a proposed turbine integratedgubijn Wellington fulfilling the
initial project aim.

Locally Wellington has the ability to generateudstantial amount of wind
powered energy which is completely renewable antd@mically feasible. Urban
based wind turbines not only have the ability toduce clean energy, but will also
create public attention increasing the generalipishhterest and opinion of wind
power. Without a shift in resource consumption anpish towards using renewable
energy resources, current consumption trends wsitioue depleting natural
resources and accelerating the degradation ofdh’E natural environment.
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